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DIRECT SMELTING PROCESS AND PLANT 



The invenuion is deeciribed in the following statement: 
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TBCBNICAIi JPXfiXiD 

5 Tlie present indention relates Co a dxxrect; 

aneltixig plant and process £or produoxncr sqolten laetal from 
a matalliferous feed anaterlal sixcli as ores, partly reduced 
ores and metal-contaijilng waste atr< 



A known direct smelting- process, wlilcb relies 
prinoipallar on a molten l>ath as a reaction medium, and is 
generally referred to as t2ie HZsmelt process, is described 
in International Application PCT/JaJ9 6/0 0197 (WO 96/31627) 
in tlie name o£ tbe applicant, 

15 

^Qhe BXsnelt process as describcni in tlie 
Xnternational application in the contejEt of prodncin^ 
molten iron includes i 

forming a Ijatb of molten iron and sla^ in a 
vessel; 

(b) inject insr into the batbt 

(i) a anetallif erous feed material, 
typically . iron oacidesj and 

(ii) a solid carbonaceous material, 
typically coal, wbicb acts as a 
reduLCtcmt of tbe iron oxides and a 
souroe of energy/ and 

(o) smeltinff metalliferous feed material to iron 
in tbe metal layer* 

35 

Tbe term '^smelting^^' ie Ixerein understood to mean 
thermal processing iDdxerein chemical reactions that reduce 
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metel oxides t^ake place t:o produce iiiolt:ezi luet^al* 

The HXameXt; pirocess also Ixxoludes ]^st:-ca(iiibu8tln0 
ireact^lon ^ases, such as CO azid released f^xxin t:lie l>At:h, 
5 thiB space above tlio 23at:li oacy^en-contzainizig gas and 

t^aransferrlng tJie heat generat:ad hy tiie post^-combustslon to 
the bath to contribute to the thexmal energy required to 
smelt the metalliferous £ecd matez-ials. 

Hlsmelt process also includes formizig a 
transition coxie above the ncaaninal ^ieseeat surface of the 
bath in ^vhich there is a favourable nass of ascendixig * nfl=l 
thereafter descending droplets or splashes or streams of 
molten metal and/or slag ^^ch provide an effective medium 
15 to transfer to the bath the theacmal energy generated by 
post-ccBibusting reaction gases above the bath. 



20 



Zn the HXemelt process the metalliferous feed 
matesrial and solid carbonaceous material is injected into 
the molten bath through a number of lances /tuyeres which 
are inclined to the vertical so as to e^end downwardly and 
inwardly through the side wall of the smelting vessel and 
into a lower region of the vessel so as to deliver at least 
part of the solids material into the metal layer in the 
25 bottom of the vessel. To promote the post-ocnd^ustion of 
reaction gases in the us^er part of the vessel, a blast of 
hot air, which may be osygen enriched, is injected into an 
upper region of the vessel through the downwardly extending 
hot air injection lance. Off gases resulting from the post- 
30 combustion of reaction gases in the vessel are taken away 
from the upper x>art of the vessel through an off gas duct. 
The vessel includes refractory-lined water cooled panels in 
the side wall and the roof of the vessel, and water is 
circulated continuously through the panels in a continuous 
35 circuit. 

The KXsmalt process enables large quantities of 



COMS ID No: SMBMX)213175 



Received by IP Australia: Time (Hm) 16:55 Date (Y-M-d) 2003-04-10 



10/04 2000 16:44 FAX 61 3 92436333 GRIFFITE HACK 1^045 



nolfcen metal, such as molteiL Iron, to ba produced hy direct 
sneltinff In a slagrle coagpoot ▼eaael. 

Howefvef , in order to achieve this It la necessary 
5 to aasply larye <zuanti.tieB of aolld £eed materials, such as 
iroa-co&tainino feed materials, carbonaoeoua Material, and 
fluxes, to the solids lajeetion laneea. 

The supply of solid feed materials must oontlxiue 
10 throughout a smeltlna campaign, v^ch desirahly Is at least 
3.2 months. 

Moreover, it must be possible to vary the simply 
of solid feed materials durlnff the course of a smelting 
15 eavqpaioxi to acoonmodate different operating conditions, 
inoludiag oiMaipected perturbations In the process, at 
different staeres of a smelting eanvaign. 



20 



'the present invention provides an effective ^nfl 
reliable process and plant for supplying solid feed 
materials to solids injection lances during a HZsmelt 
siting campaign. 



nxsciiOSQBa of she mvENvxoN 



25 



«he present inv-aaitlon prorvides a solids feed 
aans for a direct smelting plant. She solids feed means 
iaoludes 2 or more pairs of lances for injecting solid feed 
materials for a direct smelting process into a direct 
30 smelting vessel (such as a fiaced vertically etxtendlng 

cylindrical vessel) . The solids feed means also includes a 
main supply line and a pair of branch lines for supplying 
solid fcied material to the lances of each pair of lances 
with the branch lines interconnecting the main supply line 
35 end the lanoes of the pair of lances. She lances are 
arranged around the vessel in pairs of diametrically 
opposed lances. At least one pair of lances is provided 
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£o7 Injecbin^ metelllCerous feed matzerlal (sueli &» xzon- 
qopfcal n i nq nuitierlals, ^urtilculaxrly Iron or« fines) and 
leae^ one of the otiliex' pairs of laiuzes i» provided for 
lujectiXnsj solid carbonaceous znaberial (such as coal) and 
5 opt;ionally fluxes. The pairs of lances are arranged around 
t;he veasel ao that: adjacent lancea are lances t;hat are 
provided to inject different materials. 



According to the present invention there is 
10 provided a direct smelting plant for producing molten metal 
frooB a metalliferous feed material including! 



(a) a fixed ameltlng vessel to hold a moltta 
bath of metal and slag and a gas epaoe almve the bath; 

15 

(h) a solids feed means to supply solid feed 
material into the vessel, the solids feed means includes 2 
or mozre pairs of solids injection lances arranged around 
and extending into the vessel, and a main supply line ^"^^ a 

20 pair of branch lines for sillying solid feed material to 
the lances of each pair of lances with the branch lines 
^^««^*™«cting the main supply line and the lances of the 
pair of lances, and with the lances of each pair of lancea 
being diametjricall^ opposed to each other, azid with at 

25 least one pair of lances being provided for injecting 

metalliferous feed material and at Ic&ast one of the other 
pairs of laxkces being provided for injecting solid 
oa35»okaaceous material, and with the pairs of Icuices being 
arraxwed around the vessel so that adjacent lances are 

30 lances that are provided to inject different materials; 

(c) a gas injection means extending downwardly 
into the vessel to inject an oxygen- containing gas Into the 
gas space and/or the bath in the vessel; 

35 



(d) a gas deliveacy duct means extending from a 
gas supply location away from the vessel to a delivery 
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locat;lon above tbe ^vessel for delivarinff tlie oxyiren- 
cont;ainlnff ffas i&t:o thm aas injection meanBj 

(e) an o££firas 49uct: meana for faeilit^atiin^ flow 
5 o£ offsras from the veseel away £rom tlie vessel i 

<£) a metal tapping means for tappingr molten 
metal from tlie batb and tranoportinff tliat molten metal away 
£com the vessel; and 

10 

<9) a slasr tappiniy meatis for tapping- slag- £rom 
the hath and transportincr that slaff away £rom the vessels 



Preferably the solidA injection lanoea are 
15 arranged to extend downwardly and Inwardly into the vessel 
tlirottflh openings in a side wall of the vessel. 

Preferably the lance Dpeainffs in the side wall of 
the vessel are located at the same height of the vessel and 
20 are spaced at equal distanoes around the circumference of 
the vessel. 



Pre£erably the solids feed means includes a laiice 
handling means for izuitalling and removing the solids 
25 inject ion lances. 

Freferobly the branch lines of each pair of 
solids Injection lances are substantially the same length. 

Preferably the branch line for each lance 
includes an upwazxUy ejctending section, aaid an inwardly end 
downwardly eactending section that extends from an upper end 
of the upwardly eactending section and is connected to an 
inlet of the lance and is coaxial with the lance. 

35 

Preferably the upwardly eactending section and the 
inwardly and downwardly extending section describe an acute 
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Piref^xably t;lie oolids feed means Is adapt:ed 
supply one or moire of (a) pre-2ieated metialllferous feed 
5 matezrial, (jb) metalliforous feed maCerlal at: ambient: 
tienpexatnire, and (c) a blend of pz'e-beat:ed and ambient 
beii^ezratuxre netalllferoua feed mat;erial t^o t:lie 
metiolXlfexous feed material lancea. 

1^ Preferably the solids feed means xncludes a hot 

metalliferems feed material Injection system for supplylixg 
pre-beated metalliferous feed material to tbe main avm^Y 
line or lines for tbe metalliferous feed material lances. 

^5 Preferably tbe bot metallif aroue feed material 

injection system Includes a bot metalliferous feed material 
transfer means tbat Includes tbe main supply line or lines 
and a mpply of ^ carrier ffas^ suob as an Inert aaa, for 
transporting the bot metalliferous feed material from a 

20 pre-heater and/ or pre-reductlon unit to tbe metalllf arous 
feed material lances. 



25 



Preferably tbe metalliferous feed material is 
Iron ore fines. 



Preferably tbe bot metalliferous feed material 
Injection system Is operable to pre-beat tbe Iron ore fines 
so tbat tbe Iron ore fines for Izijection into tbe vessel at 
a temperature in tbe range of 650-700^0, more preferably of 
30 tbe order of 680''C. 

^"farably tbe plant furtber Includes at least 
two work platforms for supportinff plant operators at 
different beloihts of tbe vessel above ground level. 

35 



Preferably tbe metal taking means and tbe slag 
tapping means are located so as to be accessible by plant 
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operatojTs on one of tho platfonas (hereinafter referred to 
as tlie "eaet house platfora")^ 

Pxe£eral>lir the aolids injection lances and the 
eolids injection lance handlina means are located eo ae to 
he accessible by Workman on at least one other platform 
(hereizxaf ter referred to as the f lanoe esttraction 
platform") that is above the cast house platform* 



•the metal tapping means and the slair tapping 
be the same unit* 



10 



The metal tanking* means end the slag tepping 
means may else be different units vith a separate metal tap 
15 hole and a separate sla^r tap hole located at different 
heights of the vessel, 

Xn situatittis in ivfaich the metal tapping means 
and the slag tapping means are different units, preferably 
20 the metal tapping means includes a metal flov forehearth 
projecting outwardly from the iressel for tapping molt;en 
metal continnously from the vessel. 



With this arrangements preferably the metal 
25 tapping jneaxais includes a metal tapping launder for 
receiving molten metal from the forehearth. 

m addition, with this arrangement, preferably 
the Blag tapping means includes, a slag tapping launder for 
30 receivisig molten slag* from the bath. 

Preferably the vessel is disposed about a central 
upright aids and the zones radiate outwardly of the central 
axis outside the vessel. 

35 

Preferably the vessel is a vertical cylindrical 
vessel and the plurality of solids injection lances are 
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9 

tfp&eed ci2rcuiii£e3retttla.lly arouxui tZie vefiael. 

Parefex-Bbly ^he side wall of 1:lie v«sssel Includes 
wat:ex-cooled panels. 

5 

Pzrefeirably fche vessel includes a. reof f^n rl tlie 
foo£ includes watsx-eeoled panels « 

the ojQnaren-containinfiT gas is air^ or 

10 03c;y9en-enriolLed air. 

Acoofding to tZia present: invention there is 
provided a direct saeltinir process tlaat includes inzfectinff 
solids £eed materials into a direct saeltinff vessel 
containing a molten bath of metal and slag through 2 or 

paliTB of solids injection lances arranged arouxid and 
eaeteadlns Into the vessel, and a main supply line and a 
pair of branch lines for supplying solid feed material to 
the lances of each pair of lances ^th the branch Xinee 
interconnecting the main supply line and the lances of the 
pair of lances, and with the lances of each pair of lances 
being diametrically opposed to each ot:her, and with at 
least one pair of lances injecting met:alliferou8 feed 
material and at least one of the other pairs of lancee 
25 li^ acting solid carbonaceous material and optionally 
fluxes, and with adjacent lances injecting different 
mafierlals. 

BRXEF nSSCRXPTZOl!! OF %BB mOMJXtOB 

30 

She present invention is described in more detail 
hereinafter with reference to the aoooiqpa&ying drawings, of 
which I 

t-igure X is a vertical cross-section through a 
direct smelting vessel that forms part of one eitfbodiment of 
a direct smelting plant in accordance with the present 



20 
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Invenblozi; 



Flsjuxe 2 ±B a fllcLe eXevat^ion o£ -the vasseJ. and 
tlie arrazLcr^nBXLt: of platiforaui azround tlie -vessel and tlie 
e^lpraezit: on tlio pla1:£o£xaB bhat; fozm a major part of the 
tfffltb o diment of the direct aioeltiaff plant; 



Figure 2a is an enlarffed side elevation of the 
soXida injection lance and hot ore suppXy lines indicated 
10 hiy the arrow **A" in Pifyure 2/ 

Figure 3 is a side eXevation of a lower part of 
the vessel and the arrangement of platforms €tround the 
vessel and the e^ipmeat on the platforms that form a major 
15 i>art of the e&bodiment of the direct anelting* plant viewed 
from a location that is 90* from the location from which 
the vessel is viewed from din Figure 2; 



Figure 4 illustrates the layout of the cast house 
20 platform of the enbodittent of the direct smelting plant j 



Figure 5 illustrates the layout of the end tap 
platform of the embodiment of the direct smelting plant; 



Figure 6 is a computer-genexrated top plan view of 
the embodiment of the direct smelting plant which 
illustrates the cast house platfozm and egulpment on that 
platform and a section through the vessel at that height of 
the vessel and equipment above that platform and with 
30 eqpiipment above that platfoxm remove to clarify the view 
of the plant; 

Figure 7 is a computer- generated tpp plan view of 
the embodiment of the direct smelting plant: from the same 
35 location as Figure € which illustrates seme of the 

equipment of the plant shown in Figure 6 and eguipment of 
the plant not shoMn in Figure S and a t^ view of the 
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v^esel and wi«:li eg:uiFaien1: removed t;o claxrlfy t^lie view o£ 
^lie plant;; and 

Figure 8 Is a diauranimatic plan of tli© 
5 axrransreiiiezit o£ soXlds injeotixon lances around tlie vessel 
tilie supply lines £or thm lances. 

DBVAXIa£D I^SCRXFTZON OF THE PREFERRBD &BraODnflB»T 

10 The directs smelting plant: sbown in tA& Figures 

Includes a direct; smelting vessel tbat is suitable 
particularly £or operation by tbe HZSnelt process as 
described In Int:emational patent application 
FCTyAU96/00X97. The following description is in the 

15 conteact o£ smelting iron ore fines to produce noltcoi iron 
in accordance with the BXsmelt process. 

Wlt;h reference initially Ho S^ignre 1, the 
Bietalltirglcal vessel Is denoted generally as 11 and has a 

20 hearth that inctides a base 12 and sides 13 formed from 
refractory bricks, side walls 14 which form a generally 
cyldLndrical barrel extending upwardly f rem the sides 13 of 
the hearth and which include an upper barrel seetilon and a 
lower barrel section formed frcm water-cooled panels (not 

25 shown), a roof 17 formed frcm water-cooled panels (apt 
shown) , an outlet 18 for of fgases, a forehearth 19 for 
discharging molten metal continuously, and a tap-hole 21 
for discharging molten slag during smelting « 

30 In use of the vessel to smelt iron ore fines to 

produce molten Iron In accordance with the Hismelt process, 
the vessel 11 contains a molten bath of iron and slag which 
Includes a layer 22 of molten metal and a layer 23 of 
molten slag on the metal layer 22. ThiQ arrow marked by the 

35 numeral 24 Indicates the position of the nominal ^leseent 
surface of the metal layer 22 and the arrow marked 1^ the 
numeral 25 indicates the position of the nominal ^ilescent 

\\iMii^J^.*«\beMtvam%KMp\trpi fiolldv mieei: ion. daft W9*i1ii 
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&m€m,em of t;he aTa^ layer 23* The ^ezm ^duiescent: surface'^ 
l8 iizidaxsl;ooGL t^o meaxi ^he surface wlien. t:liere Is nn 
InjecHloxx o£ ^ae aixd aolidtf Into t^lie ▼esael. 

5 As can best: be seen In Ficrures 2 and 3, t:be 

vessel Includes a series of platforms 79, 81, 83, 85 at 
different belgfats of the vessel above ground level 87. The 
platforms enable Installation and operation of vessel and 
other plant eoulpmant described hereinafter around the 

10 compact vessel 11 In a way ^^ilch separates the various 

operational functions of the equipment so as to mltilmlse 
"it^rfos'ence between the various operations and, 
aocorOlngly, maxlmlslzia operational safety. Q?he heights of 
the platforms 79, 81, 83, 85 are selected to enable worlcman 

15 on the platforms to have convenient access to the plant 

eizulpment. m addition, the ^footprints'*' of the platforms 
79, 81, 83, 85 are selected to permit overhead crane access 
to selected areas of lower platforms and to provide 
overhead pxrotectlon for work areas of the lower platforms. 

20 

As Is discussed la further detail hereinafter, 
the platforms 79, 81 are solids injection lance extraction 
platforms, the platfoan 83 is a cast house platf ozm, and 
the platform 85 is an end tap platform, 

25 

As can best be seen in Figure 5, the vessel 11 
includes 2 access doors 39 In the sides 13 of the hearth 
allowing access to tbe Interior of the vessel 11 for 
re-llning or other madLntenance work In the Interior of the 

30 vessel. -Ehe access doors 39 are in the form of steel 

plates that are welded to the sides 13. VVhen acceae to the 
interior of the vessel la required, the plates are cut away 
from the side walls and replacement plates are welded in 
position after the work in the vessel has been oooppleted. 

35 raie access doors 39 are at the same height of the veasel 
11. The access doors 39 are spaced at least 90* 8part 
around, the circumference of the vessel. This spacing makes 

\WaiUtlU^\H0Ml\6&MM(Mp\crpl Volids XttjACi <«l.doC 10/04/0) 
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it possible for refractory wall Oeaolltlon e<zulpment to 
extend throuflrh tlie <lloors into the vessel and iSeinollsli a 
substantial part of the refractories of a refractory-.lined 
side wall wblle the ireasel is hot. The access doors 39 are 
5 sufficiently larae to allow bob-eat 139 or siaiilar 
equipment access to the interior of the vessel. 



10 



IS 



20 



As can best be seen in Figure l, the vessel 11 is 
fitted with a aa.a injection lance 26 for delivering a hot 
air blast into an upper reuion of the vessel. The lance 26 
««t«idB downwardly threugrh the roof 17 of the vessel 11 
into the upper reffion of th* vessel. in use, the lance 26 
receives an oacyuea-enrichcd hot air flow through a hot gas 
delivery duct 31 (FiBures 2, 6 and 7) which extends £r«aa a 
bot gas supply station (not shown) located some distance 
«™y from the reduction vessel il. The hot gas supply 
station includes a series of hot gas stoves (not shown) and 
an onygan plant (not shoim) to enable an oa^mn enriched 
air straam to be passed through the hot gas stoves and Into 
tAe hot gas delivery duet 31 which extends to a connection 
with the gas injection lance 26 at a location above the 
vessol 11. Alternatively oxygen aay be added to the air 
stream after the air stream has been heated by the stoves. 



25 



With reference to the Figures generally, the 
vessel 11 ia also fitted with 8 solids injection lances 27 
eacteading downwardly and inwardly through openings (not 
■bown) in the side walls 14 of the vessel and Into the slag 
layer 23 for injecting iron ore fines, solid carbonaceous 
30 material, and fluxes entrained in an oxyoen-deflcient 
carrier gas into the metal layer 22. 

The lance openings in the side walls 14 of the 
vessel are located at the same height of the vessel li and 
35 are spaced at e<iual distances around the circumference of 
the vessel. The lances 27 are formed and are located in 
the lance -openings so that their outlet ends 28 are above 

\XMil^iiwUNM«\eiann>a>\cn»> solids tniKUM,.«,c is/fl4/e) 
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20 



30 



35 



14 

tlie 6ur£&oe o£ t:lie netial Xoyur 22 diurlna operat:lon of the 
pxrocesB. OTiis position of tlie laxicea 27 reduces t?he risk 
of damage through, contact: with molten metal ^y^h also makes 
it possible to cool the Icuxoes by forced internal water 
5 cooling without sigziif ic€mt risk of water coming into 
oontac-t with the molten metal in the vessel. 

The lances 27 are in 2 s^roups of 4 lancea, with 
the lancee 27 in one group receiving hot iron ore fines 
supplied via a hot pre injection system and the lances 27 
in the other group receiving coal and flux via a 
carbonacaoua aaterial/f lux injection system An-^^jyj a 
smelting operation. The lances 27 in the 2 ffroivs are 
arranged alternately around the olrcunf erence of the 
15 vessel. 

The hot ore injection system includes a pre- 
heater (not Shown) for heating the iron ore fines and a hot 
ore transfer system that includes a series of supply lines 
and a supply of carrier gas for t^ranspozrting the hot ore 
fines in the supply lines and injecting the hot ore fines 
at a tenverature of the order of ^SO'^C into the vessel, The 
general arrangement of the lances 27 and the supply lines 
immediately upstream of the lanoes 27 is shown 
25 diagrammatidalXy in Figure 8. 

With reference to the Figures generally, the hot 
ore injection system includes a main hot ore supply line 75 
{Figures 2 to 5) and 2 branch lines 76 (Figures 2 to 4) 
that axe connected to diametrically cqpposed lasices 27 and 
are arranged to sxxpply hot ore to these lances 27 during a 
smelting deration. The hot ore injection system also 
includes another main hot ore supply line 33 (Figures 2 and 
5) and 2 branch lines 34 (Figures 2 to 5) that are 
connected to the other pair of diametrically opposed lances 
27 and are arranged to suppJoT Jxot ore to these lances 27. 



COMS ID No: SMBI-00213175 Received by IP Austrella: Time (H:m) 16:55 Date (Y-M-d) 2003-04-10 



10/04 200^ 16:47 FAX 01 5 92490333 



GRIFFITH HACK 



@050 



15 

Aa can be seen In Figures 2 t:o 5, main supply 

Xlno 75 xuns on oar close to vrcnmd level £rokn a remot:e 
location (not shown) awacr from tlie vessel an^ under tlie end 
tap platfozm 85 to a location 75a xn Flguz-es 2 and 3 and 
5 then vertically upwardly from tills location through the end 
tap platform 85 and the cast houee platform 63 to a 
location 75h in Figures 2 to 4 above the oast house 
platform 83. !»he branch lines 76 initially extend 
horizontally in opposite directions frcpL the main line 75 
10 at the location 7Sb and then vertically upwardly at 

locations 7ea (Figures 2 and 3) to locations 76b (Figures 2 
to 4) and then inwardly and downwardly in short straight 
««<3tion8 76c to the iAlets of lances 27 « 

15 As can also bo seen in Figures 2 and 3^ the ^^^-^ 

supply line 33 runs on or close to ground level from a 
remote location (not shown) away from the vessel to a 
location 33a in Figure 5 and the line branches into the 
branch lines 34 at this location. «hese ^T-f^^^rh lines 

20 define a v-shape. ^EOie branch lines 34 extend on or close 
to ground level under the end tap platform 85 to locations 
34a (Figures 2 and 3) and then vertically upwardly from 
theee locations through the end tap platform 85 and tha 
cast house platform 83 to the locations 34b <Figure 2} and 

25 then inwardly and downwardly in short straight sections 34c 
(Figure 2, only cme shown) to the inlets of lances 27 • 

nie above-described arrazigement of ^ the pairs of 
main and branch lines avoids interference between the linea 
30 in the confined space around the vassel. 

The carbonaceous material/f luac infection system 
includes similco: main supply lines 39, 91 and branch supply 
lines 40, 92, respectively for diametrically opposed pairs 
35 of the lances 27. 

Vh& lances 27 are arranged to be removable from 
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the vessel 11 by aeens o£ lanoe ''■"or eoaipment 

a.8&ooxat:ed wxtlx eacli luce 27 thet can support: t:lie lances 
27 for ln6t:allat:i.on in opening's provided ±n the sldLe wells 
14 of the vessel and for withdrawal of! the lanoes 27 from 
the vessel « The lance handling ecxuxponezit is partially 
shoMn in the Ficrores* with reference to Ficpares 2a and 3, 
the lance handling equipment £or each lanoe includes a 
guide arm 113 that extends upwardly and outwardly f roia the 
vessel and is adapted to support and guide the lanoe as a 
lifting unit (not shown) lifts the lance into and from the 
vessel opening for the lence. 

^« offgas outlet 18 of the vessel 11 is 
connected to an offgas duct 32 (shown in Figures 2, € and 
15 7) which transports the offgas away from the vessel 11 to a 
treatment station (not shown) where it is cleaned and 
passed through heat eacchaagers for preheating the materials 
fed to the xressel 11. The BZsmelt process xireferahly 
operates with air or oxygea-enriGEhed air and therefore 
20 generates substantial volumes of offgas and retires a 

relatively lairge diameter offgas duct 32* Xs can best be 
seen in figure 2, the offgas duct includes a gently 
inclined first section 32a eicteading fran the offgas outlet 
18 of the vessel 11 and a vertically mctending second 
25 section 32b that extends from the first section 32a. 

The hot gas delivery duct 31 and the offgas duct 
32 ^attend away from the upper part of the vessel 11 to 
remote locations (not shown) and therefore occupy space in 
30 that region of the vessel and therefore have an ia^ct on 
the positioning of plant eguipment such as overhead cranes 
or other mobile handling eguipment that is required for 
maintenance of the vessel and a coolizig water circuit for 
the water-cooled panels in the side walls 14 and the roof 
35 17 of the vessel 11. 

As is indicated abave# the side walls 14 and the 



5 



10 
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roo£ 17 oe t;l&o iresBel IX axe formed from watex-cooled 
panels (not sliown) and fclie plant Includes a coollna water 
circfult. Th^ ooolxn0 xnter circuit supplies w&ter to and 
removes l&eated water £ram the water-cooled panels and 
th.orea£tar extzraots heat £rom the heated water before 
returning the water to the water-cooled panels. 

With reference to Figure 7, the supply side of 
the circuit includes a main supply pipe 101 that supplies 
water to a horizontally-disposed U-shaped inlet manifold 99 
located above the roof 17 of the vessel 11 and a network of 
pipes that distributes water from the manifold 99 to water 
inlets in the panels in the roof 17 and the side walls 14 
of the vessel. 



10 



15 



25 



return side of the circuit includes a network 
of pipes that receives heated water from water outlets in 
the panels in the roof 17 and the side walls 14 of the 
vessel and delivers the water uipwardly to a horisontaJLly- 
20 disposed U-shaped outlet manifold 105 located above the 
roof 17 of the vessel 11 at the same height as the inlet 
manifold 99- The return side of the circuit also includes 
a main return line 107 that transfers heated water from the 
outlet manifold 105 to a heat eacohanger (not shown) • 



VbA location cmd large diameter of the of fgas 
duct 32 constrains the inlet and outlet manifolds 99, 105 
to the 0-shax>ed configuration shown in Figure 7. 



Xn a smelting operation in accordance with the 
Hlsmelt process, ore fines and a suitable carrier gas and 
coal and a suit^able carrier gas are injected into the 
molten bath through the lances 27. The momentum of the 
solid materials and the carrier gases causes the solid 
35 materials to penetrate the metal layer IS. The coal is 

devolatilised and thereby produces gas in the metal laarer 
15. Carbon partially dissolves in the metal and partially 

%\MUt.m«s\&0MS\aat\i«f«p\u9l Sollda TnJvceiea.OftA 10/0«/gj 
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remains as solid curlxm, Tlie 02re fines are smelt^ed to 
netral and t:h.e snelt:ln9 reaction cTsnerates carbon aonoxlde. 
Tbe ffases transported Into tlie metal layer and sjcsnerated by 
dev-olatlllsatlon and smsltlziff reactions produce significant 
5 buoyancy uplift of molt an metal, solid carbon and slag^ 
(drawn Into the metal layer as a conaecjiience of 
solid/gas/injectlon) from tlie metal layer 15 w2ilcb 
0'®*^®»='*'teB upward movement of splasbes, droplets and streams 
of molten metal and 6lasr# and tbese splasbes, droplets and 
10 streama entrain slag* as tbey move through the sla^ layer. 
a:lie buoyancy uplift of molten metal, solid carbon and slas 
causes substantial agitation o£ tbe slag^ layer ^16, ivitb tbe 
result that the slag layer expands in volume. ' m addition, 
the upt^ard moxrement of splashes, droplets and streams of 
15 molten metal and alag^ - caused by buoyancy uplift of molten 
metal, solid carbon and slagr - eactend Into the space above 
the molten bath and forms a transition zone. Injection of 
the ojorgen-contalnlncr gas via the lance 26 post-ccmbusts 
reaction gases, such as carbon aonosclde and l^fdrogen, in 
20 the upper part of the vessel* Offgases resulting frcna the 
P^«*t-««»bustlon of reaction gases In the vessel are taken 
away from the upper part of the vessel through the off gas 
duct 32. 

25 Hot metal produced during a smelting operation is 

discharged from tha vessel 11 through a metal tapping 
system that includes the forehaarth 19 and a hot metal 
lauxider 41 cozinected to the forehearth. The outlet end of 
the hot tnetal launder 41 is positioned above a hot metal 

30 ladle station Czaot shown) so as to siQply molten metal 
downwardly to ladles located at the station. 



The plant includes an end metal tapping system 
for tapping molten metal from the vessel 11 at the end of a 
smelting operation out of the lower part: of the vessel azid 
transporting that molten metal away frcta the vessel 11* 
The end metal tapping system includes a metal end tap hole 
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63 In tbe vessel axid a. launder 38 for t^ranfiferxlng znol^en 
netial dLlacharsjed £rcn tilie vessel 11 vie ^be ^ap liole t:o a 
contielxunexit: 2iiet:al p±t: 91 at; snc'CTUXid level. Ideally- t^his pl-t 
91 is covered (not: sliown) from fclie eleinent:s t:o prevents 
5 direct: cont;aot; between liot: mei^al in the pit: and water. The 
end metal tapping eysten also includes a metal tap hole 43 
in the £oreheart:h 19 and a launder AO £or transferring^ 
molten metal discharged fx-om the forehearth 19 via the tap 
hole to the main hot metal launder 36. An end tap drill 59 
10 is also provided to open t;he top holes 63, 43 to release 
metal from the vessel and the forehearth. 

Thm plant includes a slag tapping system for 
tapping molten slag frem the vessel 11 periodically from 

15 the lowex paxt of the vessel and transporting that slag 

away from the vessel 11 during a smelting opention, Vhe 
slag tapping system includes a slag notch 21 in the vessel 
11 and a launder 44 with 2 end branches 80, 82 for 
trcmsfetrrlng molten slag discharged from the vessel 11 via 

20 t:he slag notch 21 downwardly from the height of tihe end tap 
platform 85 into separate slag conttainment pits 93, 95 at 
ground level 87* Two pits are provided so that one pit can 
be out of service and allowed to cool down prior to the 
slag being removed while the other pit is in servioe and 

25 receiving molten slag. A slag notch plug and prioher 

machine 61 is provided to ppen and seal the slag notch 21 
to release slag from the vessel 11 • 

The plant includes a slag tapping fiystem for 
30 draining slag from the vessel 11 at the end of a smelting 
operation, ^e slag end taxiing system includes a slag tap 
hole 46 in the vessel 11 and a main launder 70 fln r^ a branch 
launder 72 for transferx-ing molten metal discharged from 
the vessel 11 via the slag tap hole 46 to the containment 
35 pit 93. A brcmch launder 95 connects the slag launder 70 
to the hot metal launder 38 « The branch launder 95 is used 
to transfer molten metal that usually flows from t:he vessel 
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When the t;ap liole 46 la fiirst opened to tlie metal 
containment pit 9X. Farior to an end tap^ the branch 
launder 72 ia blocked so that molten material can only flow 
to the metal containment pit Si v±a the branch launder 9S- 
5 Towards the end of the metal flow, the branch launder 95 is 
blocked and the branch launder 72 Lb unblocked «o that flow 
of molt:en material la diverted to the slasi pit 93- A al&9 
drain drill 68 ia provided for opening the tap hole 46 to 
releaae slag firom the veaael. A mud gun 66 ia provided to 
10 close an open tap bole 46. 

As la indicated above, the vessel includes a 
aeries of platforms 79. 81, 83, 85 at different hei^hta of 
the vessel above sTrorind level 87, «he platforms enable 
15 installation and operation of vessel and other plant 
equipment. 

«he lowest platform, the end tap platform 85, la. 
positioned In relation to the veaael 11 at a height that la 
selected so that workman on the platfozm can have 
convenient access to the end metal tapping system (metal 
end tap hole 63, lauzider 38, metal tap hole 43, launder 44, 
and end t^ drill), the alag end taxiing system (alag tap 
hole 46, launder 70, braxich launder 95, slag drain drill 
68, mud gun 66), and the access doors 39* S^oipment such 
aa the metal end tap drill, slag drain drill 68, and mud 
gun 66 are mounted dlarectly on the platform. The platform 
also Includea 2 overhead crane acceas axreas 55 that are 
easentially olear apaces on and from which equipment and 
materials can be lifted, for exaivie to facilitate re- 
llning the interior of the vessel XI • 



20 



25 



30 



The next highest platfozm, the cast house 
platform 83, la positioned In relation to the vessel li at 
35 a height that la selected so that workman on the platform 
can have convenient acceaa to the metal tapping aystem 
(forehearth 19 and hot metal launder 41) and the alag 

\\Milb^ilOS\1.«««S\OliI\IM«p\tspl Solid* Xr«i«ctifm.<XA» 10/04/01 
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t;app±2ig eystem (slag znotch 2X, lausdeir 46, and slagr not:cli 
plug- and pirxckex: machine 61) • TKe £oot;prliit: of t:lie 
platform 83 is selectively fozmed so tbat the platform doee 
ZMt extend into tlie space al>ove tlie o^rorhead accese aireas 
55 o£ tlie end tap platform 85 so tliat there Is clear 
overhead crane access to these areas 55. The footprint o£ 
the platform 83 is also selectively formed so that the 
platf oxm eactende al>ove the work areas in the immediate 
vicinity of the end metal and slacr tappincr systems and the 
access doors 39 on the end tap platform 85 to provide 
overhead protection for worldnan in these areas* 



15 



20 



25 



30 



35 



The next highest platforms, the lance extraction 
platforms 79, 81, are positioned in relation to the vessel 
11 at heights that are selected so that workman on the 
platforms can have convenient access to the Icuioes 27 ^n ^! 
lance handling e^ipment to install and remove the lances 
27 from the vessel. 



The footprint of the 
Figure 3. The footprint of the 
formed so that the platform doen 
above the overhead access areas 
85 so that there is clear 
areas 55 « The footprint is alsc 
the platform extends above the 
vicinity of the metal mil slag 
overhead protection for workman 



overhead 



work 



platform 81 is shown in 
platform 81 is selectively 
not extend' into the space 
55 of the end tap platform 
crane access to these 
selectively formed so that 
areas in the immediate 
"tapping systems to provide 
woxrking in these areas* 



Xn addition to the abov^e^^described plant 
eoaipment being arranged on a series of platforms 79, 81, 
63, 85^ the eouipment is also ariranged on the platf oxns 
within a series of circumferentially and vertically 
eoctending zones that further enai>le installation and 
operation of all the above-descrkbed eouipment around the 
compact vessel 11 in a way whicsh separates the various 
operational functions of the equipment so as to minimise 
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izLtierf erence bet:ween the various operatioau and, 
accordlnalir^ laaxlailslng operationaX 0a£ofcv« 

Specifically, tlo/B layout of tHe installation- is 
5 divided into the following 3 functional zones that extend 
vertically and are apaced circuaiferentlally around the 
veseel 11 and radiate outwardly of the central upright axis 
of the vessel . 

10 Zone 1: General Jtcoess and Servlees 

This zone, which extends approxlnately 180** around the 
circumference of the vessel XI contflilnsi-* 

^5 ♦ mie footprints of the overhead hot gas delivery 

duct 31 and the off gas duct 32. 

• a<he access doors 3d in the vessel 11 « 
20 Sons 2t Ketal Tapping 

^Z^hls zone contains 

• The slag tapping system (forehearth 19 and hot 
25 metal launder 41} • 

• The end metal tapplne^ system (metal end tap hole 
^3, launder 38, metal tap hole 43 , launder 44, and 
end tap drill) « 

30 

Zone 3; Slag Tapping 

This zone Contains I- 

3^ • slag tapping system (elag notch 21^ launder 

46, and slag notch plug and pricker machine B±} • 

\WU»_illM\haMft\Gm\K»Q|kVM^1 S«lida XAlaAbi.M< . doc 10/0«/in 
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The Bla9 end t:&pplzig ayst^m (slag tap liole 46, 
launder 70, branch laundeir 95^ slaff drain dzrlll 
€S, and mud gun 66) • 



5 oaie plant: also includes tlie zosies, ie the space, 

abonre the abov^-descxribed overhead crane access areas 55 
that enable materials and equipment to be lifted onto and 
removed from the end tap platform. The overhead access is 
particularly ia^portant for efficient lifting of materials 
10 and e<iuipment re<2uired for re-lining or other msintenance 
work on the interior of the vessel. 

Many modifications may be made to the embodiment 
of the present invention described above without desparting 
15 from the spirit and scope of the invention. 
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